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h uge 70 ton weapons of the Royal Sovereign and 
Hood, the extra rapidity with which these lighter and 
more manageable pieces of ordnance can be worked, 
and the tremendous preponderance of large caliber 
quick firers which can be discharged six and seven 
times per minute, render the weight of metal thrown 
in a g{ven interval of time far greater in the two ves
sels now under consideration. Similarly, although the 
actual thickness of armor plating upon the sides and 
barbettes has been lessened, its capacity for resistance 
has been increased fifty per cent. by Harveyizing it, 
and tbe extent of armored surface has been enormously 
dev-eloped. The superficial armored area of the Mag
niticent's great citadel is, independently of the bar-

be directed simultaneously either ahead or astern, rudder a vessel will be able to turn in her own length, 
while the broadside fired on either beam would be de- and to dispense with the services of a tug in going to 
livered from four 12 in., six 6 in. quick firers, eight 12- her anchorage. 

. bettes, nearly 9,000 ft. 

pounder, and eight 3-pounder quick firers. In four M. Bazin argues that in order to obtain a maximum 
minutes a weight of 30,000 lb. of metal would thus be rate of speed there must be a corresponding relation 
discharged from one broadside, while the correspond- between the rotary force and the propelling f'orce, and 
ing figures forward or aft would be about 12,000 lb. It h is roller steamer will, therefore, be provided with two 
must be borne in mind that all this concentration of independent engines, one to propel the vessel forward 
fire has not been obtained, as in the case of the French by means of a screw, the other to give the wheels 
battle ships of the Charlemagne class, by fitting the their rotary motion. The correct correlation being es
guns into lateral grooves l ike the blades of a pocket tabJished, it is estimated that sixty per cent. of the 
knife, which must inevitably sacI'ifice the stability of 

I 
revolution of the wheel will be forward. Thus, with a 

thei"hip when axial fire is employed, but that each wheel of 7572 yards circumference, revolving at the 
gun has a clear arc for itself without interfering with rate of twenty-four revolutions a minute, the maxi
any adjacent works or with the rest of the armament. mum number of revolutions, the vessel would cover a 

The principal dimensions, etc., of the two new battle 
ships are as follows: Length, between perpendiculars, 
390 ft., or 415 ft. over all; beam. 75 ft. at the water 
line; mean draught of water, 2772' ft.; displacement, 
14,900tons; indicated horse power, 12,000; speed, under 
natural draught, 1672' knots, under moderate forced 
draught, 17� knots; of coal capacity there is a total 
storage of 1,800 tons, but only 900 tons of this can be 
carried at the designed draught. 

'l'he propelling machinery of the new vessels consists distance of 1,08n yards a minute, or about 37 miles, 
of two sets of engines of the ordinary inverted triple- that is, 32'22 knots an hour. The voyage from Havre 
expansion compound condensing type, the cylinders to New York would, at this rate, occupy a little under 

The disposition of t he armored protection is quite 
different to that of the Royal Sovereign class. Instead 
of a narrow strip of thick armor at the water line, sur
mounted by another strip of very thin armor, the up
per edge of which is 9% ft. above the water line, there 
is a broad streak of Harveyed steel 15% ft. wide, 
stretching from apex to apex of a pointed citadel, as 
will be seen in our engraving. This is 9 in. thick upon 
the broadsides, and 14 in. thick around the barbettes1 where it merges into bulkheads. Within this armorea 
citadel is the thickest portion of the armored deck, 
where it is 3 in. on the flat and 4 in. upon the curved 
sloping edges. Forward and aft, beyond the armored 
bulkheads, the armored deck is 272 in. thick at its 
stoutest part. But it will be observed in the engrav
ing that an important modification has been made in 
the armored deck. In all earlier battle ships the outer 
edge of this deck is at the summit of the thick armor 
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SECTIONAL VIEW OF M. BAZIN'S BOAT. 

belt. In the Magnificent and Majestic, however. it being 40 in., 59 in., and 88 in. in diameter respectively, 
curves downward behind the vertical arlllor, and the by 51 in. stroke. The twin propellers are of gun metal, 
lower edges of the two harmonize, as well as the outer and are 17 ft. in diameter, and of 19 ft. 9 in. pitch. 'l'he 
edges of the forward and after armored decks, thus boilers are eight in number, and are of the ordinary 
bringing the whole to a uniform level of about 5 ft. or 

I 
marine type, being 16 ft. 1 in. in diameter and 9 ft. 3 in. 

6 ft. below the water line. The protective deck is, long, each containing four furnaces. They weigh 
therefore, of a truly turtle back character, as first of about 50 tons each. The working pressure will be 150 
all developed so prominently in the design of the Vul. lb. per square inch. The main steam pipes will be of 
can. The barbettes are built upon the citadel ends of steel. The chief novelty in this connection is the ap
the armored deck. and are to be plated with 14 in. plication of induced instead of forced draught. The 
Harveyeu steel. Upon their summits will be revolving makers of the Magnificent's engines are Messrs . .Joh n  
armored hoods of suffieient capacity t o  hold the gun Penn & Sons; those of the Majestic will be made 
detachments working the guns by manual power, and at Barrow. 
as the barbettes are pear shaped in plan, which can be The two new battle ships, although very fine in their 
seen from the engraving, there will be room within the lines forward and aft, are tolerably square at the mid
thin ends for the ordinary amlllunition hoists and ship section, the result being that their coefficient of 
ralllming gear required for fixed loading positions. fineness below the water line area is 0'65 of a solid rec
There is, however, an axial ammunition trunk within tangle contained by the length, beam, and draught. 
the barbettes, which de�cends to the magazines direct, The Magnificent was only laid down upon the 18th 
to which we shall advert pre�ently. Another feature of December, 1893, and the Majestic upon the 5th of 
for the protection of the water line isthe filling in with February last, hence their readiness for floating- out 
watertight divisions of the angular space between the in so short a space of time is almost phenomenal. 
curved edges of the armored deck and the lower streak The upper engraving on first page shows the ships 
of armor belting, thus forming a sort of cofferdam as they will probably appear at sea; but, of course, 
around the vessel at this level. A similar contrivance small changes may be made in the arrangement of 
has been designed for some of the war vessels of France boats or ventilators. -The Engineer, Loudon. 
now under construction. 

The secondary armament, consisting of 6 in. quick 
firers, is all protected by 6 in . arlllor on the outside of M. BAZIN'S ROLLER STEAMSHIP. 
too casemates. and 2 in. plates on their other side. A THE old idea of a roller steam vessel has been revived 
valuabl.e modification has been made in the arrange- by M. Bazin, a French engineer. M. Bazin recently ment of. the upper deck battery. Inst«:ad of an open explained hi;; plan to a nUlllber of naval officers, engisp�ce, hable to be swept by the. machme and qUlck- I neers and scientists by means of a model roller steamer, 
firmg guns �f the �n�my, bo.th from the armored tops 

I and informed his hearers that a trial ,.teamer is to be 
al'!-d otherWise, thiS IS now lO�losed and decked over built at St. Denis for channt'l service only. This boat 
Wlt� a steel shelter .deck, the four armored casemates will be 131 ft. in length and 39 ft. in breadth, having 
at elt?er corner actir:g moreover as screens .to prevent 

I only three wheels on each side instead of four, as in a rakmg fire from either quarter. There IS also be- the case of the Transatlantic roller steamer and will 
neath the forward bridge a flying deck, upon which make its first trip from Dieppe to Newh�ven and light quick-firing guns . �ill be place�i. Above this thence to London. towers the chart .room. rlsmg to an al�lt �de of. 75 ft. The Transatlan·tic steamer which it. is proposed to from �he under.slde of t�e keel. It IS Imposslb.le to build later, as shown in the accompanying illustration, conce�ve. a�ythmg more \m portant to the steadme�s will consist of a platform, having on each side four enorand dlsClplme of the guns crews than the fact of theIr mous hollow wheels which will support it at a height being able to fight their weapons behind adequate ' 
shelter, and this question bas been thoroughly soh'ed 
in the upper works of the Magnificent and Majestic. 

100 hour,.. 
Among other advantages may be mentioned the 

small amount of rolling that, it is said, would take 
place, even if the wheels on one side were forced to the 
level of the water: the ease with which repairs to the 
hull could be undertaken, docking being unnecessary: 
and injury to a wheel even could be made good with
out putting into port, the damaged wheel and its cor
responding wheel on the opposite side only being 
stopped while the repairs were executed, the remain
ing wheels contin qing their functions. 

THE BLACKWALL TUNNEL, LONDON. 
ACCORDING to the Daily Graphic, Sir Joseph 

Bazalgette's original design for the tunnel was to 
make it of three tubes, two for vehicles and one 
for pedestrians. When the County Council t.ook 
the project over from the Board of Works, their 
engineer, Mr. A. R. Binnie, combined the three tubes 
in one, and a tube, 27 feet in diameter, it is which is 
now being thrust under the Thames very much as 
one thrusts a cheese scoop into a Stilton. 

There are three kinds of excavation which are exem
plified ill th", tunnel. The central portion under the 
bed of the river, 'Yhich is naturally the most import
ant, will be tunneled by the process known as the 
.. shield " and compressed air; and this kind of work is 
the most difficult, as it is the most interesting. At 
each end of the portion of the tunnel so excavated are 
other lengths of what is known as "cut and cover" 
work, the passage being excavated in the ordinary 
way from the open air and then covered in. Lastly, 
we have the two ends of the tunnel formed of open 
approaches or sloping trenches, down which the road
way runs. 

Now, to pursue for a moment our simile of the Stil
ton: Let the reader imagine the cheese standing on 
its end like a barrel and a small hollow to have been 
dug out of the middle of the top of the cheese already. 
Suppose we wanted to tunnel under this hollow, and 
were not permitted to start from the outside of the 
cheese. We could sink another deep hollow, on 
each side of the middle hollow, and then operating 
from the depths of these h ollows push our cheeRe 
scoop or scoops until they meet underneath the 
level of the middle hollow, and that mutatis mutandis 
is what is being done at Blackwall. Only instead of 
one pit being sunk on either side of the river, there 
are two on each side, and all four of them theoretically 
in a straight line. These pits are sunk some distance 
below the level of the bed of the river, the boring 
.. shields " are lowered down the outer ones, so that 
they are face to face with one another below the bed, and 
then with hydraulic rams they are thrust on and on 
until some day they will meet. It will perhaps be clear· 
est to give the figures relating to the lengths of the dif
ferent kinds of work being pursued at Black wall at this 
point. The bridge starts on the northern side of the 
river frOIll the East India Dock Road, and runs down 
the side of Robin Hood Lane, thence bending through 
a very flat S curve under the line of the Great Eastern 
Railway. After this it displaces a number of hou�es, 
and finally reaches shaft No.1. H ere it makes an 
angle, and runs to shaft No. 2, which is just by the side 
of the river. It goes underneath the river at right 
angles to the stream until it reaches shaft No.3, also 
by the side of the river, makes a slight bend toward 

-.. -- .::- .. � 

The armament of these vessels and its disposition is 
as follows: Two 12 in. wire 50 ton guns are to be 
mounted upon each barbette, protected by a steel re
volving hood. as in the case of the Barfleur and Re· 
nown. Beneath the turntables will be a revolving 
shell chamber, with an ammunition trunk in the cen
ter and hoists, so that loading can be carried out with 
the guns at any position of training. This is inde
pendent of the fixed loading positions, whose hoists 
are in the pear shaped ends of the barbettes. Thus 
the rapidity of fire and of the serving of the ammu
nition are accentuated considerably by this two-fold 
arrangement, not to speak of the value of an alterna
tive system in the eveut of one having been placed 
hors de combat by accident. It will be observed that 
while the freeboard of the new vessels has been raised 
to a height of more than 20 ft. forward, the axis of the 
heavy guns has been also raised to 27 ft. above the 
water line, being 4 ft. hig!ler than in the case of the 
Royal Sovereign class. This will admit of the guns 
being fired axially forward or aft, without endangering 
the Rafety of the deck, an impossibility in the earlier 
vessels. Upon the main deck are eight 6 in. Quick 
firers in armored casemates, four on either broadside, 
and four more of these guns are upon the upper deck 
battery, one in an armored casemate at each corner, 
as will be seen in the engraving. The part of the 

-----------

M. BAZIN'S ROLLER STEAMER. 

shelter deck above these last mentioned corner case- of from 21 ft. to 23 ft. above the surface of thl' water. 
mates is double plated to give additional strength. In About a third of the wheels will be submerged. The 
the upper deck battery will be also tweh'e 12-pounder shafts for transmitting the rotary movement to the 
quick firers upon shielded mountings, six on either wheels will pass below and across the platform and. 
broadside, and the remaining four 12-pounders will be like the wheels, will be of steel. On the platform will 
forward and aft upon the superstructure. The two for- be placed the engines, boilers, passengers' cabin!' and 
ward ones will be under the flying deck. Twelve 3- the dining and other saloons. The wheels will be 
pounder quick firers will be disposed upon the super- about 24 yards in diameter and will have a revolving 
structure, tops, and in other situations. Eight machine circumference of about 7572 yards. A new hydraulic 
guns will also be carried, and five torpedo tubes or dis- rudder, always in action, has been invented by M. 
chargers. A glance at the engraving will show that Bazin. It ('on!dsts of a vertical colullln at the stern 
two' 12 in. guns, two 6 in. quick firers, two 12- of the vessel. From this movable column will escape 
pounder, and seven or five 3'pounder quick firers can' a powerful jet of water. It is claimed that with this 
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Greenwich Park and shaft. No.4, which is in a neigh
borhood pleasantly named Bugsby's Mareht's, and· so 
on to Black wall Lane. 

The figures relative to these distances are-starting 
from the East India Dock Road: Open approach, 
785 feet; cut and cover tunnel, 436 feet; shield-driven 
tunnel, 821 feet to shaft No. 1; ditto. 447 feet 6 inches 
to shaft No. 2 i ditto, under the river, 1,212 feet to 
shaft No. 3; ditto, 602 feet 6 inches to shaft No. 4; 
then a further section of either shield-driven or cut 
and cover for a distance of 611 feet; cut and cover, 
335 feet; and lastly, an open approach for the south 
side, 860 feet. Under the river the tunnel is at a 
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dead level; from the river on each side it rises about 
one foot in thirty-five. 

The sinking of the shaft from which the boring 
shield is to be pushed is itself a very interesting work. 
The shaft itself is a monstrous double ring of iron with 
a mass of concrete between the inner and the outer 
ring. It is 58 feet in diameter and 75 feet to 95 feet 
deep. Of course to sink such a tube into the earth 
as a whole would be impracticable. A small portion 
of it is constructed and then sunk by digging and 
working away the soil from under it, its own weight 
gradually forcing it down till its upper rim is level 
with the ground. Then another section was built up 

the wall-like shaft, but that would have delayed its erectors." They are fixed u p a t  the back of the shield, 
construction until the 8haft itself had been finished, of which, however, a little further descri ption is, pet
whereas the engineers were anxioQs to have the shield haps, necessary here. The comparisop. of a tam bourine 
ready to put into position as soon as the shaft was is verhaps a little 'misleading, for it is when working 
ready. The ponderous mass was therefore put to- more like a drum, with a face Z7 feet 8 inches in dia
gether in a lumber framework near the brink of the meter and 19 feet 6 inches long. About half way in 
shaft. When all was ready for it to be lowered into the length of the cylinders are placed two bulkheads 
position, the dock and the shaft were both filled with or diaphragms made of steel plates, with a distance of 
water; the iron shield in its lumber frame was floated 3 feet between them. Suppose the shield now in a 
into the great circular well and dropped into position position for boring. The workmen pass through 
down below by the simple process of pumping out the doors provided in the diaphragm, and attack the face 
water. Having got it down to the proper level, the of the earth exposed at the end of the cylindrical 
next thing was to pass it through the side of the shaft shield. The part of the cylinder forward of the dia-

phragm is divided up into twelve stories or compart
ments, just as a house is storied, and the men can 
therefore reach the whole face of the earth at once. 

While the excavation is being carried on in the 
fore part the tunnel itself is being erected in the tail 
part of the drum by the hydraulic " erectors" of which 
we have spoken. Each of these will pick up a section 
of the iron lining of the tunnel and thrust it up into 
position-one working on the right hand and one on 
the left. These iron sections have strong flanges and 
machined joints, and are riveted together into a 
gigantic circular iron subway. A suitable length of 
the tunnel having thus been built up inside the shield, 
and a corresponding length having been excavated in 
front of the diaphragm, it becomes necessary to move 
it forward ; and J10W the twenty -eight hydraulic rams 
come into play. They are fixed round the inner cir
Cl:mference of the shield, pressing against the com
pleted ring of tunnel . lining, they force the whole 
shield forward with a pressure of 2,800 tons into the 
hole !1xcavated. The completed ring of the tunnel is 
left beh.ind, and the cylindrical 8hield is shoved off 
the tunnel lining, just as the outer tube of a telescope 
slides off the smaller one within. A's a matter of fact, 
of course, the shield itself supplies a cutting edge. 

COMPRHSSHD AIR. 

The whole of the working of the tunnel up to the 
present time has presented the spectacle of rlifficulty 
after difficulty ingeniously and successfully overcome. 
Once alread y the giant Greathead shield has comp 
perilously near to collapse. It encountered a mass of 
cement-like material as hard as rock, and, being 
pushed ever forward by its persistent ]'ams, crumpled 
up at its edge one fine morning like so much card
board. That accident cost £3,000, and delayed the 
boring for fi ve months. A portion of this inimical 
cement is still kept in the office of the works as a memen
to, together with a number of other curiosities, such as 
some curious small-bowlpd pipes. At this new year's 
time the most dangerous and awkward part of the 
job is approaching, for the shield is under the river, 
and is nearing that which will be the most dangerous 
and rlifficult part-the water-bearing strata. The 
tunnel will have to be carried for a considerable dis
tance through a bed of loose gravel and sand, of which 
there will be no more than seven feet between the 
crown of the working and the river bottom. 

THE BEAOH HYDRAULIC SHIELD NOW AT WORK IN THE BLACKWALL 
TUNNEL, LO NDON-AT THE BACK OF THE DRIVING SHIELD. 

Through this the warer of the river would pour in 
such quantities that the workings would soon be 
drowned out were not special means taken to pre 
vent it. These special means consist in the use uf 
compressed air. For a considerable distance the 
tunnel is filled with air pumped in until the prt'ssure 
within the section is � lb. to 28 lb. to thp square 
mch above the ordinary atmospheric pressure, and 
this pressure is sufficient to keep the water out. 
Entrance to this" compressed air" part of the tunnel 
is obtained through what is called an .. air lock," a 
contrivance easily understood, since it is similar in 
principle to that of an ordinary water lock. That is to 
say, it is a cylindrical chamber with an air-tight door 
on either face of it. When any one wants to go 
into the tunnel he goes into the cylinder through the 
outer door, which is then closed, and compressed air 
allowed to flow into the chamber from the tunnpl 
until the pressure is the same in the chamber as in the 
tunnel. In coming out, of course the procedure is 
reversed. Working in compressed air is, of course, 
a somewhat dangerous and difficult business. Full
blooded people, or people suffering from colds, are apt 
to find the sensation distressing, and some people 
cannot stand it at all. Thin-blooded people support 
the unusual condition best, but it is safe for no one to 
work more than a short number of hours a. day. One 
of the,odd phenomena is, however, that the beEt restor
ative to men to whom anything has h appened is the 
compressed air itself, In order to provide these condi
tions a .. medical air lock" has been built above ground 
into which men are taken in case of distress. 'j'he 
chief danger, however, is that of chill, for the 
temperature of the body rises slightly under the 
abnormal condition, and the men perspire very 
freely. The County Council have, however, built for 
the men large heating and drying sheds for them
selves and their clothes. It iR hardly necessary to say 
that the Council takes the greatest interest in the 
work, and the chairman of the committee which is 
responsible for it, Mr. William Bull, L.C.C., is a most 
indefatigable superintendent of it. There is hardly a 
d.isagreeable experiment connected with the peculiar 
conditions of the work which he has not made in his 
own person. Mr. John Burns, by the way, has been 
down, and while there laid a bricka The workman 
whose work it was looked admiringly on and when 
it was finished guilelessly obsf'rved that Z'it was the 
driest brick he had ever seen laid I" 

on top of the first, and a third on the top of the sec' 
ond, and so on until the whole 78 feet had gradually 
settled down as little by Ihtle the earth was excava
ted from under it. The tunnel, as it slopes toward the 
river, passes through holes in til e sides of each of these 
shafts, and the shafts themselves when the tunnel is 
completed will contain staircases by which the tunnel 
Illav be reached. 

There was another interesting engineering work in
directly connected with the sinking of the shafts, 
mention of which may appropriately be made here; 
it was the lowering of the enormous shield which is 
boring the tunnel. The shield (the Beach hydraulic 
shield) is a tremendously strong iron structure with 
steel rim, and it weighs 250 tons. The simplest plan 
would have been to put it together at the bottom of 

on its way toward the river bed. It stood on edge 
like a huge tambourine at the bottom of a stove pipe, 
and through the stove {lipe the tambourine had to be 
thrust with its cutting rim in front. But, as men
tioned before, the stove pipes had been sunk with 
holes ready made in them-holes, of course, covered 
by iron plates. and these plates were then removed 
and the tambourine lifted into position. 

WORKING THH SHIHLD. 
At the back of the shield are hydraulic rams ready 

to thrust it forward through the soil at a pressure if 
necessary of 100 tons to the square inch, but besides 
the forward Illovement of the twenty-eight .. jacks," 
there arlo' other hydraulic operations coming into 
action. There are two engines called "hydraulic 

THE PROGRESS OF 'fHE BLACKWALL TUNNEL-WORKING IN THE COMPRESSED AIR 
CHAMBER. 
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The newest piece of ingenuity for which the engi
neers of the tunnel are responsible is that of laying a 
kind of plaster at the bed of the rive!' from the outside. 
It was feared that the pressure of the compressed air 
might itself co-operate with the watery soil to bring 
the water into the workings; and in order as far as 
possible to guard against this difficulty a bed of clay, 
consisting of many thousands of tons, is being tipped 
into the bed of the river from bal'ges. The names 
most prominently associated with the great work of 
building ·the tunnel and meeting the hostile forces of 
nature with the defensive ingenuity of science, are 
Mr. A. R. Binnie, as enginper to thp London Count�· 
Council, and Messrs. Davirl Hay and Maurice Fitz
maurice, rt'sident engineers. Mr. T. H. Greathead is 
consulting engineer for the subaqueous and tunneling 
work. Messrs. Pearson & Sons are the contractors. 
Their tenders amount to £871,000. 
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